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S U M M A R P  

by 0. L, Vaysberg 

Although the  present  s t a t e  of knowledge of angular and energe t ic  
c h a r a c t e r i s t i c s  of s o f t  protons is still  l i t t l e  advanced and requires 
f u r t h e r  research  with the a i d  of A B ,  p a r t i c u l a r l y  i n  regard t o  t h e i r  
i n t r u s i o n  mechanism, i t  is t en ta t ive ly  concluded on the basis of what is 
known, t h a t  the  bas ic  mass of  aurora protons undergoes no acce lera t ion  
i n  the  geomagnetic f i e l d .  

* *  
+ e *  

The de tec t ion  by Vegard C l ] i n  1939 of hydrogen emission in 
aurorae cons t i tu ted  the  f i r s t  evidence of corpuscular i n t r u s i o n  i n t o  
the  upper atmosphere. Doppler s h i f t  of Balmer Uno8 was revealed i n  the 
works [2, 31. Analysis of t he  magnitude of t h a t  8 h f f t  on t he  basis of 

the  p reva i l i ng  representa t ions  on t h e  e f f e c t i v e  crobc) eec t ions  had l e d  
I.S. ShklorsMy t o  the  conclusions c4, 51 t h a t  the atmosphere-intruding 

protons h8Ve a broad ve loc i ty  spectrum with maximum i n  the  v i c i n i t y  of 
1000 km/sec. Subsequently, attempts were made t o  explain the  p r o f i l e s  of 
hydrogen l ine6 by a s p e c i a l l y  assor ted angular d i s t r i b u t i o n  f o r  the  in- 
t rud ing  monoenergetic protons C6, 7 3 ~  however, Omholt has shown C81 
t h a t  such a method does not provide the  p o s s i b i l i t y  of coordinat ing the 

p r o f l l e s  of hydrogen l i n e s  observed i n  the  magnetic zeni th  (along the  line 
of foroe) and in the  magnetic horizon (perpendicularly t o  the  l i n e  of 
fo rce  1 

Disposing of a more complete mater ia l ,  Chamberlain C9] and Yu. I. 
Gal 'per in  [lo] reached the  conclusion on the  necess i ty  t o  poe ta la te  t h a t  

0 PITCH-RASPREDEIENII PROTONOV POLYARIYKH SIYANIY. 



2. 

p a r t  of t he  in t rud ing  protons have comparatively low ve loc i t i e s .  A more 
de ta i l ed  ana lys i s  of hydrogen l i n e  p r o f i l e s  has shown c113 t h a t  in the  
ve loc i ty  region of t he  order  of s eve ra l  hundred km/sec (1 -5kev)  the  dif- 
f e r e n t i a l  energy spectrum v a r i e s  as ET1081 where Eo is the  i n i t i a l  proton 

enerm.  A t  the  same time a d i f f e ren t  approach t o  p r o f i l e  analysis leads t o  
d i f f e r e n t  representa t ions  on the  s t r e t c h i n g  of the angular d i s t r i b u t i o n  
from n = O  t o  n=6, if its dependence on the  pitch-angle a is represented 

in the form ao#a [ l l t  121. These contradictory r e s u l t s  can not be explained 

only by the  low prec is ion  i n  the determination of the  shapes of l i n e  pro- 
f i l e s  by observations. Apparently, w e  have t o  deny ourselves  the  p o s s i b i l i t y  
of assuming the independence of angular and energy d i s t r i b u t i o n  of aurora 

protons t h a t  w a s  made when analyeing the  hydrogen emission L9-131. Even 
i f  protons do not  undergo notable s c a t t e r  at dece lera t ion  i n  t h e  atmosphere 

c11-  133, the re  is no b a s i s  t o  estimate t h a t  the angular d i s t r i b u t i o n  of 
i n t rud ing  protons does not  depend on t h e i r  energy, 

o r  i n  the  corresponding Doppler ve loc i ty  i n t e r v a l  (US  u i d u )  at observa- 
t i o n  under the  angle (Q t o  the magnetic l i n e  of force c o n s t i t u t e s  a - --- 

plane d i s t r i b u t i o n  c ross  sec t ion  of emi t t ing  hydrogen atoms i n  the ve loc i ty  
space ( t ak inp  i n t o  account the  deexci ta t ion e f fec t iveness)  

The emission i n t e n s i t y  I (u, q )  du in the  wavelength range ( & A  + dX ) 

i a=v+arf C O B  u j v  
j ( v ,  a ) F ( u ) u s i n a  

I (a ,  q ~ )  du = 2du dv d a ,  
U 

where f ( S ,  a)  is the d i r ec t ed  flux of emi t t ing  hydrogen atoms, with velo- 
c i t y  V and at the  angle a t o  t he  l i n e  force  ( i n  cno2 sec.’ s t e r o l ) .  

Every atom e n t e r s  i n t o  the observed i n t e n s i t y  with a weight F(v), which is 
t h e  probabl i ty  of a quantum emission i n  the given v e l o c i t y  range. This  s t r i c t  
expression may be simplified provided f (Via) may be represented in the  
f i n i t e  series 

Then t h e  In t eg ra t ion  over a i s p e r f o r m e d  i n  quadratures and 

U 
r N  
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where Sn(co8q, yv are  polynonialsof power n - 1 r e l a t i v e  t o  cos r9 and u/#. 
The Vol t e r r a  equation of first kind (3) 
t o  func t ions  & ( v )  = p&iv)F(4.  

expansion (21, IT = 6, t h a t  is, est imat ing t h a t  f (\i',a) is not  a very sharp  

funct ion of OC, i t  is s u f f i c i e n t  t o  take the  values of I ( u , S )  f o r  seven 
values *f 9 :  0, 30, 60, 90, 120, 150, 180'. The upper l i m i t  i n  the  equation 
( 3 )  m y  be replaced by U, wheze U is determined from the  condi t ion - 

was resolved numerically r e l a t i v e  

Limiting ourselves t o  the  sixthpower i n  the  

I ( a  > U , q )  = 0. 

The values of I (u, 9 )  were taken by the aurora s p e c t r a  obtained a t  

the  Loparsk s t a t i o n  by photoe lec t r ic  nethod during the  winter  of 1959/1960 
C14J. The hydrogen emission is rad ia ted  i n  the  so-called hydrogen f i e l d ,  
which is a r a t h e r  uniform band of 100 -1000 km width, approximately s t r e t c h -  
ed along the  magnetic p a r a l l e l  [14,15]. The condi t ions of observations do 

not allow t o  obtain p r o f i l e s  separntely f o r  d i f f e r e n t  heights,  and t h i s  iS 
why t h e  data on energe t ic  and angular c h a r a . t e r i s t i c s  of e m i t t i n g  hydrogen 

atoms, drawn fror.1 the  hydrogen l i n e  p r o f i l e s ,  a re  i n t e g r a l  and $ela ted  t o  

the  ent i re  thickness  of the  atmosphere where dece lera t ion  takes place,  t h a t  
is, for protons 
f o r  var ious  
i s o t r o p i c a l l y .  The e f f e c t  of l i g h t  s c a t t e r i n g  on the shape of l i n e  p r o f i l e s  

W a s  no t  taken i n t o  account, f o r  the observations were conducted during n igh t s  
with s a t i s f a c t o r y  transparency and the est imates  of s c a t t e r e d  l i g h t  show, 
according t o  C163, t b a t  its inf luence l i e s  within t h e  range of accuracy of 
observat ions.  The p r o f i l e  of  R p  u t i l i e e d  at computations, is somewhat wider 
i n  t he  magnetic horizon ( 9  = 90') t h a  
data ,  

invading the thick ta rge t .  The p r o f i l e s  for the  l i n e s  HP 
9 were normalized by the  condition t h a t  hydrogen atoms emit 

those t h a t  a re  known from published 

Thus, reso lv ing  the  equation (3) we obtain the  product of t h e  func- 
t i o n  (2) searched f o r ,  by the  probabi l i ty  of emis s ion  i n  the  given i n t e r v a l  
of v e l o c i t i e s  F (9, Evidently, the angular c h a r a c t e r i s t i c s  of the d i s t r ibu -  
t i o n  of protons,  reworked i n  t he  atmosphere, may be obtained from the  solu- 
t i o n  even i f ,  general ly  speaking, w e  are unaware of the  form of the  funct ion 

F ( V I .  

angle for t h ree  values of e n e r m  ( 1 - E  G 

i n  F i g . 1 .  
range v a r i e s  more slowly than co8 6 a; t h i s  is why the  representa t ion  of i (w ,a )  

i n  t h e  form (2) at N = 6  may be considered j u s t i f i e d .  

The character of the  dependence of t he  d i rec ted  i n t e n s i t y  on the  

--E = q 3 - E  = 20 kev) is represented 

The i n t e n s i t y  v a r i a t i o n  w i t h  the angle f o r  the considered energy 
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The dashes i n  Fig.1 ind ica te  the  p i tch-d is t r ibu t ion  of protons 

with energy 20kev. which they would have on the equator i f  t h e i r  motion 

along the  l i n e  of 
f i e l d .  Protons of 
d i s t r ibu t ion .  The 

was taken f o r  the 

force  were not d i s to r t ed  by t h e  inf luence of the e l e c t r i c  

lower energies also have a very narrow equa to r i a l  pi tch-  
following function, brought out  by Chamberlain ell], 

VZ 
F ( u )  =-- K--- P-V'IY, 

P2 
funct ion F (V)  ; i t  represents  the number of emitted Balmer 

quanta per  un i ta ry  i n t e r v a l  of ve loc i ty  var ia t ion.  It w a s  computed from the 
condition of s ta t i s t iea l  e q u i l i b r i a  according t o  the  ava i lab le  t h e o r e t i c a l  

and experimental cros8 sec t ions  C111;at the same time the b a s i c  contribu- 
t i o n  in (4) is given by proton charge exchange w i t h  atmosphere atoms and mole- 
cu les  on the l e v e l  considered and the exc i t a t ion  of neut ra l f sed  hydrogen 
atoms. In t eg ra t ing  the  computed function 

6 
1 
n u  - b' Ij"(U) COY" u 

0 

over pitch-angles and u t i l i z i n g  the expression (41, we obtain j ( V I ,  which 
c o n s t i t u t e s  the number of hydrogen atoms, reworked i n  the  atmosphere, which 

pass a t  dece lera t ion  the uni ta ry  ve loc i ty  in t e rva l .  Taking advantage of the 
conservation condition, t h a t  is, of the  f a c t  t h a t  the intruded proton w i l l  

be dece lera ted  in the atmosphere t o  sero  ve loc i ty  and t h a t  the  f r a c t i o n  of 
protons, leaking from the  atmosphere, w i l l  not be great, i t  is possible  t o  

obtain the d i f f e r e n t i a l  spectrum of protons. It is p lo t t ed  i n  Fig. 2. 

Fig. 1 Fig. 2 

. I  



The spectrum normalization corresponds t o  l i n e  H i n t e n s i t y  equal P 
t o  100 ray le ighs ,  which is standard for the  hydrogen f i e l d  c141 . The dot ted  
l i n e  shows t h e  spectrum obtained i n  t he  assumption of independence of angu- 

lar and energe t ic  d i s t r i b u t i o n  of protons c111. It may be seen t h a t  the  
r e j e c t i o n  of t h i s  assumption changes SUb8t&tntiallg t h e  form of the  energy 

spectrum; thus, t h e  speckrun of c111 ha6 t h e  form Eo 
8d from t he  equation ( 3 )  varies a6 Eo -2e7 l a  the energy range 1 - 5 kev. 

comparison of Figs. 1 and 2 t h a t  the low-energy protons ( E t( 3 kev) undergo 

a s t rong  e c a t t e r i n g  in t h e  atmosphere. However, such a conclusion is p r e l i d -  
nary u n t i l  r e l i a b l e  experimental c rom sec t ions  are obtained for energ ies  

of l ess  t h a n  5kev. It is apparently premature t o  der ive t h e  conclusion of 
the presence or absence of  anisotropy dependence on energy for an i n t rud ing  

bunch of protons. However, if proton captur ing on geomagnetic l i n e s  of force  
takes place at s u f f i c i e n t l y  g r e a t  d i s tances ,  only those protons are trapped 
which have v e l o c i t i e s  nearly exact ly  along the l i n e  of force (Fig.1) .  Compa- 
rison of the  obtained m a x i m u m  of f (v) at V' ry 650km/ sec  with the  data on 
solar wind L171 shows a good accord. This  compels us t o  assume t h a t  the  

bas ic  mas6 of protons from aurorae undergoes noacce lera t ion  i n  t h e  geomagnetic 
f i e l d .  The s tudy of angular and energe t ic  c h a r a a t e r i s t i c s  of s o f t  proton6 
with the  he lp  of a r t i f i c i a l  s a t e l l i t e s  w i l l  allow the  c l a r i f i c a t i o n  of t h e i r  

i n  t rus f on mec haaism. 

, w h i l e  t h a t  obtain- -1.8 

b I f  the form of t he  exc i t a t ion  function is cor rec t  (41, it  follows from t he  

T H E  E N D  * * *  
I n s t i t u t e  of Atmosphere Physic8 

of the  
W""T5 . - 3 
U D D ~  aoauamy uf S c i e n ~ ~  

Contract l o  .NBS->g299 
Consul tants  and Designers I n c  

Arlington, Vi rg in ia  

Translated by ANDRE L. BRICHANT 
on 17 Apr i l  1966 
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